This study presents an analysis of selected characteristics of a large set of queries submitted by end users to the Excite search service. Characteristics examined include the frequency distribution of queries, browsing persistence at the query level based on query size, and browsing persistence at the session level based on query session length. Findings reveal that users submit largely unique queries and engage in similar, non-persistent browsing habits. Users are not browsing much beyond the first one or two pages of results regardless of the effort they put into their queries or the number of queries submitted during a search session.
Introduction
End user access to and use of Information Retrieval (IR) systems has greatly increased in recent years due to the development of Internet-based search services and wider availability of Internet access. In addition to traditional bibliographic-based IR systems such as online public access catalogs in libraries and specialized databases offered through online vendors, users are now able to access immense quantities of electronic resources through the Internet. To better understand how users interact with IR systems, researchers have undertaken user-based studies of prototype and commercial systems. Much of the useroriented IR research to date, however, has taken place in laboratory environments where users are closely monitored and are often assigned information seeking tasks. These controlled studies typically make use of small samples of users and may not reflect how typical end users interact with IR systems.
Internet search services provide excellent environments in which to unobtrusively study end user searching on a large scale. Many of these services process millions of queries daily by large numbers of users from around the world.
Despite the growing popularity of Internet services for general information searching, until recently very few studies have been undertaken that report on information searching behaviours using these services. One of the primary reasons for the lack of published research in this area has been the limited availability of data sets to researchers outside of the search service companies.
Understandably, these companies wish to protect the privacy of their users while also guarding strategic information on their products in a highly competitive environment. Excite@Home has been one of the few commercial search services to make available several data sets to members of the research community. One of the more recent sets consists of more than one million queries submitted to Excite on a single day. Selected aspects of this data set are reported here.
The investigation of the growth and use of resources on the Internet has been increasing in importance over the last several years. Studies have investigated general search habits (Huberman, Pirolli, Pitkow & Lukose, 1998; Lawrence & Giles, 1998; Pitkow & Kehoe, 1996) and search engine coverage of the World Wide Web (Lawrence & Giles, 1999) . Evaluations of previous Excite data sets have been undertaken by Jansen, Spink & Saracevic (1998, in press ), , 1999 , and Spink, Chang, Goz & Jansen (1999) .
These studies have examined searcher behaviours using an earlier set of data consisting of approximately 50,000 Excite queries. The authors found empirical regularities in the usage of query terms and the query size that are consistent with more traditional informetric studies. They also found that fewer than 10% of queries submitted used Boolean operators. In examining the use of query reformulation and relevance feedback, concluded that, although relevance feedback was not widely used, the query patterns appear to indicate that this feature was useful to users much of the time. In a more recent study, Silverstein, Henzinger, Marais & Moricz (1999) analyzed approximately 285 million search sessions submitted to the AltaVista search service over a sixweek period. The authors' findings were similar to the Excite studies, where most queries were short, browsing of retrieved items was brief, and little query modification was used during a search session.
The purpose of the present study is to analyze specific characteristics of user search behaviours and query construction. Basic query and user characteristics of the one million query Excite data set are examined elsewhere (Spink, Wolfram, Jansen & Saracevic, submitted; Ross & Wolfram, in press; Wolfram, 1999 Examination of these search characteristic combinations will shed light on whether differences exist in user search behaviours, which may inform systems design research. Future systems may then incorporate features that accommodate these differences, if they exist.
Methodology
Raw data from the Excite data set were imported into a Microsoft Access database. The data included numeric identifiers for searchers/machines, time information on when each query was submitted, and the full queries entered by users. The 1,025,910 queries represent a subset of queries submitted to the Excite search engine on a single day and only include submissions where an identifier, stored as a cookie on a user machine, was available. Queries submitted from machines on which the browser cookie facility was disabled were not included.
Queries were initially parsed for individual terms based on alphanumeric starting characters. Terms were delimited using spaces and other non-alphanumeric characters. Non-alphanumeric characters that were part of a URL or email address (' /' , ' .' , ' @' , ' :' ) as well as hyphens were not treated as delimiters. Occurrences of the words ' and' , ' or' , and ' not' were treated as terms since the context of their use as Boolean operators or as parts of phrases was not readily determinable without a query by query analysis. Other modifiers allowed by Excite for inclusion or exclusion of terms (+, -) were ignored.
Repeated queries (i.e. identical queries submitted by a user appearing in succession) were assumed to represent requests to view the next page of results associated with the initial query. These were not treated as separate queries, but rather as extensions of the same query.
To date, studies of end user web searching have looked at search characteristics individually. In the present study, the author investigates the intersection of two characteristics to determine if query characteristics (effort) influence browsing habits (persistence) (Figure 1 ). The number of terms in a query provides an indication of searcher effort invested in the formulation of a query. The number of pages viewed represents searcher persistence in browsing returned hits. By looking at both characteristics for each query, a determination can be made whether a relationship exists between the two.
The number of terms associated with each query and the number of pages browsed for each unique query were tabulated. The total number of pages browsed beyond the minimum for each query within each session was also tabulated. From the set of non-repeating queries for each user/machine identifier, unique queries were identified (regardless of the identifier) and tabulated. From the original query set, 363,282 unique queries were identified. Visual inspection of the plotted data sets revealed highly skewed distributions, so non-parametric methods were used, where appropriate, to analyze differences in the data distributions. 
Distribution of Query Frequencies
The twenty-five most frequently appearing queries submitted by different user ids appear in Table 1 . Twenty of the most frequent queries consist of a single word, while the remaining five consist of two words. The most frequently input query was input by just over 1% of all users within the data set. Eleven of the top 25 queries represent requests for ' adult-oriented' material, with other queries relating to net-based topics, leisure activities, general information, and information about specific people. The frequency of use of queries quickly drops off. 
Query Size and Page Browsing
The overall distribution of terms used per query is highly skewed with a mode of two terms and a mean of 2.4 terms per query indicating most queries are quite short (see Spink, et al., submitted) . Frequency of occurrence values for each query size were converted to percentages to allow visual comparisons to be made between the distributions of different query term sizes. The small numbers of queries submitted containing more than 10 terms were combined into a single category (' >10' ). Since Excite only processes the first 10 terms of lengthy queries submitted, which could influence searcher browsing behaviours, these queries were best combined. Other topics areas with a richer vocabulary may be distributed across a broader range of queries, with a smaller number of submissions for each when considered separately. The huge number of unique queries appearing in the data set makes manual investigation of query topic content cumbersome.
The precise reasons for the number of pages browsed cannot be determined, raising one of the limitations of the present study and for query log analysis studies in general. Users may have simply abandoned their search, or were satisfied with the results they received and discontinued viewing additional pages of links. Other studies that have surveyed Internet users on their search habits (Logan & Driscoll-Eagan, 1998; for queries with larger numbers of terms may be attributable to the greater specificity within at least some of these queries, resulting in relevant items appearing closer to the top of the ranked lists. Or, the query specificity results in a smaller number of potentially relevant hits for viewing. The end result in each case is that fewer additional pages will be viewed. The decline in the number of pages browsed for these higher-term queries must be verified with additional data sets before more conclusive statements may be made.
What are the implications of the present findings? Users are quite homogenous in their browsing habits, but largely unique in their query submissions.
Preprocessing of frequently entered queries in anticipation of their submission to provide better system responsiveness does not appear to be warranted, unless the query consists of a single word that is among the most frequently entered terms (Wolfram, 1999) . Response customization based on query size or session persistence also does not appear to be needed. By providing more hits per page beyond the typical 10 hits, users will be introduced to additional sites of potential relevance without requiring additional effort. This will, however, increase the amount of data to be transmitted to the user' s browser for each page. Without additional data on user motivation for discontinuing searches, conclusions are at best speculative.
Conclusions
Analysis With additional query data sets, longitudinal studies may be undertaken to determine if user query formulation and browsing habits change over time. With the increasing availability of natural language interfaces that encourage longer queries, changes seem likely. A more recent set of Excite data consisting of 2.5 million queries is currently being examined and will be compared to the one million query data set for changes in query formulation, term usage, and browsing habits over time.
